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Description

TECHNICAL FIELD PERTINENT TO THE INVENTION

[0001] The present invention relates to a process for
producing a trihydrocarbyl aluminum which is an impor-
tant co-catalyst for olefin polymerization.

PRIOR ART

[0002] The process for synthesizing a trialkyl alumi-
num from an aluminum-magnesium alloy and a halo-
genated alkyl is known and is described in, for example,
USP No. 2744127 of K. Ziegler.
[0003] In this USP use of an aluminum-magnesium
alloy composed of 35 to 43% of aluminum and 57 to 65%
of magnesium is described. It is also described that tri-
methyl aluminum can be synthesized at a yield of 60 to
75% from methyl bromide and the above aluminum-
magnesium alloy. The literature, however, makes no
mention of whether or not trimethyl aluminum can be
synthesized from methyl chloride and an aluminum-
magnesium alloy.
[0004] It is also described that triethyl aluminum can
be synthesized at a yield of 75 to 85% from ethyl bro-
mide and the aluminum-magnesium alloy. The literature
gives an Example wherein triethyl aluminum can be syn-
thesized from ethyl chloride and the aluminum-magne-
sium alloy, but makes no mention on the yield.
[0005] Meanwhile, in USP No. 4118409 of H.E. Scott
(Texas Alkyls Co.), it is described that while synthesis
of trimethyl aluminum by an alkyl group-exchange reac-
tion between methyl aluminum sesquiiodide or methyl
aluminum sesquibromide and triethyl aluminum pro-
ceeds satisfactorily, the reaction between methyl alumi-
num sesquichloride and triethyl aluminum does not pro-
ceed satisfactorily and does not enable synthesis of tri-
methyl aluminum.
[0006] Thus, when an alkyl aluminum iodide or an
alkyl aluminum bromide is used as a raw material, the
reaction proceeds easily; however, these raw materials
are expensive and moreover the yield is not satisfactory.
Meanwhile, when an alkyl aluminum chloride which can
be obtained at low cost and is of easy availability in large
amount, is used as a raw material, the reaction does not
proceed favorably.

TASK TO BE ACHIEVED BY THE INVENTION

[0007] The present invention has an task of achieving
a reaction of synthesizing a trihydrocarbyl aluminum at
a high yield from an aluminum-magnesium alloy and a
halogenated hydrocarbon.
[0008] In the synthesis of trimethyl aluminum, there
has been an industrially and economically serious draw-
back that particularly when methyl chloride of low cost
and easy availability in large amount is used, the reac-
tion doesnot proceed favorably.

[0009] The primary object of the present invention is
to provide a process which can produce trimethyl alu-
minum using methyl chloride of low cost and easy avail-
ability in large amount, at a yield at least equal to that
obtained using iodide or bromide.
[0010] Another object of the present invention is to
provide a process wherein the reaction proceeds easily
and the yield is high when compared with conventional
processes, even when an iodinated hydrocarbon or a
brominated hydrocarbon is used as a raw material.

MEANS FOR ACHIEVING THE TASK

[0011] The present inventors made a study in order
to solve the above problems and, as a result, have com-
pleted the present invention. The present invention
comprises the following invention and embodiments.

(1) A process for producing a trihydrocarbyl alumi-
num by reacting an aluminum-magnesium alloy
containing 20 to 80% by weight of aluminum and 80
to 20% by weight of magnesium, with a halogenated
hydrocarbon, in which process

the aluminum-magnesium alloy has been
subjected to a grinding treatment in the presence of
an abrasive medium by the use of a ball mill or a
vibration ball mill, and/or,

in the reaction, agitation is conducted in the
presence of an abrasive medium or there is used a
homogenizer rotating at a high speed of 5,000 to
20,000 rpm.
(2) A process for producing a trihydrocarbyl alumi-
num by reacting an aluminum-magnesium alloy
with a halogenated hydrocarbon according to the
above (1), in which process,

in the reaction, agitation is conducted in the
presence of an abrasive medium.
(3) A process for producing a trihydrocarbyl alumi-
num by reacting an aluminum-magnesium alloy
with a halogenated hydrocarbon according to the
above (1), in which process,

in the reaction, there is used a homogenizer
rotating at a high speed of 5,000 to 20,000 rpm.
(4) A process for producing a trihydrocarbyl alumi-
num by reacting an aluminum-magnesium alloy
with a halogenated hydrocarbon according to the
above (1), in which process

the aluminum-magnesium alloy has been
subjected to a grinding treatment in the presence of
an abrasive medium by the use of a ball mill or vi-
bration ball mill, and

in the reaction, agitation is conducted in the
presence of an abrasive medium.
(5) A process for producing a trihydrocarbyl alumi-
num according to any of the above (1) to (4), where-
in the aluminum-magnesium alloy contains 35 to
45% by weight of aluminum and 55 to 65% by
weight of magnesium.
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(6) A process for producing a trihydrocarbyl alumi-
num according to any of the above (1) to (5), where-
in the halogenated hydrocarbon is used in an
amount of 2.0 to 10.0 moles per mole of the alumi-
num in the aluminum-magnesium alloy.
(7) A process for producing a trihydrocarbyl alumi-
num according to any of the above (1) to (6), where-
in the halogenated hydrocarbon is a methyl halide.
(8) A process for producing a trihydrocarbyl alumi-
num according to the above (7), wherein the halo-
genated hydrocarbon is methyl chloride.

MODE FOR CARRYING OUT THE INVENTION

[0012] The present invention is hereinafter described
in more detail.
[0013] The reaction of the present invention is repre-
sented by the following reaction formula when the alu-
minum-magnesium alloy used is Al2Mg3.

In the above formula, R is a chain or cyclic hydrocarbon
residue having 1 to 20 carbon atoms, or an aryl group
having 6 to 20 carbon atoms, and specific examples
thereof are methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl
group, n-hexyl group, n-octyl group, cyclohexyl group,
phenyl group and benzyl group; X is chlorine, bromine
or iodine.
[0014] In the present invention, particularly high ef-
fects can be obtained when RX is methyl chloride.
[0015] In the aluminum-magnesium alloy used in the
reaction, the atomic composition is such that the alumi-
num content is 20 to 80% by weight, preferably 30 to
60% by weight, particularly preferable 35 to 45% by
weight and the magnesium content is 80 to 20% by
weight, preferably 40 to 70% by weight, particularly pref-
erable 55 to 65% by weight.
[0016] There is no particular restriction as to the atom-
ic composition of the aluminum-magnesium alloy as
long as the composition is in the above range. However,
an atomic composition consisting of 35 to 45% by weight
of aluminum and 55 to 65% by weight of magnesium is
particularly preferred.
[0017] The aluminum-magnesium alloy having the
above atomic composition is preferred because the
amounts of the two components in the alloy are close to
stoichiometric amounts and moreover the alloy is very
brittle and can be easily made into a fine powder by the
grinding treatment described later. Since the aluminum-
magnesium alloy of the above atomic composition, i.e.
a composition close to Al2Mg3 leaves little reside in the
reaction and is preferred economically and industrially,
the most preferred atomic composition is a composition
close to Al2Mg3 (Al: 42.6% by weight, Mg: 57.4% by

Al2Mg3 + 6RX → 2AlR3 + 3MgX2 (1)

weight). When a commercially available alloy is out of
this compositional range, magnesium or aluminum is
added thereto and, as necessary, grinding is conducted,
whereby a particularly preferred compositional range
can be obtained.
[0018] It is generally known that aluminum-magnesi-
um alloy consists of various kinds of crystals each dif-
ferent in atomic composition. In order to carry out the
reaction smoothly, it is preferred that the aluminum-
magnesium alloy used in the present invention be as
uniform as possible in crystal structure and atomic com-
position in the whole alloy portion. Moreover, it is desir-
able that the crystal structure be as amorphous as pos-
sible.
[0019] An aluminum-magnesium alloy uniform in
crystal structure and atomic composition in the whole
alloy portion, such as mentioned above, can be obtained
by melting aluminum and magnesium and then cooling
the melt rapidly.
[0020] As a method for rapidly cooling the melt of alu-
minum and magnesium, there can be employed, for ex-
ample, a well-known method used in production of
amorphous alloy, such as the atomization method, liquid
rapid cooling method or the like.
[0021] The above-mentioned aluminum-magnesium
alloy is used in the state of a fine powder. When the fine
powder is obtained by a grinding treatment in the pres-
ence of an abrasive medium by the use of a ball mill or
a vibration ball mill (Vibratom), a good result can be ob-
tained. However, the present invention process is appli-
cable also to a case of using an aluminum-magnesium
alloy fine powder produced by the known atomization or
stamp mill method.
[0022] Grinding by ball mill is conducted by feeding
an abrasive medium (balls) and a material to be ground,
into a container and grinding the material to be ground,
into a fine powder by collision with moving balls. It is
generally carried out by rotating the container by an ex-
ternal force, but may be carried out in other ways.
[0023] Grinding by vibration ball mill is a kind of the
above mentioned grinding by ball mill, and is conducted
by feeding an abrasive medium (balls) and a material to
be ground, into a container and vibrating the container
vigorously vertically and horizontally by an external
force to grind the material to be ground, into a fine pow-
der by collision with moving balls. In the present inven-
tion, use of, in particular, a vibration ball mill is recom-
mended in view of the grinding efficiency.
[0024] There is no particular restriction as to the kind
of the abrasive medium used. However, the abrasive
medium can be exemplified by balls made of a metal
such as iron, stainless steel or the like; and balls made
of a ceramic (e.g. silica or alumina), glass, agate or the
like. There is no particular restriction as to the size of
the abrasive medium; however, the size is appropriately
a sphere of about 0.2 to 3 cm in diameter. The amount
of the abrasive medium used can be appropriately de-
termined depending upon the amount of the aluminum-
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magnesium alloy to be ground; however, it is generally
about 2 to 30 times the weight of the aluminum-magne-
sium alloy used. A very small amount of a grinding aid
such as stearic acid or the like may be used to improve
the efficiency of grinding.
[0025] The grinding time varies depending upon the
amount of the material to be ground, the amount and
shape of the abrasive material and the operating con-
diitons of the grinding apparatus; however, it is generally
about 5 minutes to 96 hours and, when a vibration ball
mill is used, is about 5 minutes to 24 hours.
[0026] The halogenated hydrocarbon used in the
process of the present invention can be one of ordinary
availability, but is preferably free from oxygen or water.
[0027] The halogenated hydrocarbon used in the
present invention is represented by the general formula
RX. In the formula, R is a saturated or unsaturated chain
or cyclic hydrocarbon residue having 1 to 20 carbon at-
oms, or an aryl group having 6 to 20 carbon atoms. Spe-
cific examples of R are methyl group, ethyl group, n-pro-
pyl group, isopropyl group, n-butyl group, isobutyl
group, sec-butyl group, n-hexyl group, n-octyl group, cy-
clohexyl group, phenyl group and benzyl group. X is
chlorine, bromine or iodine.
[0028] The effects of the present invention are exhib-
ited clearly when the halogenated hydrocarbon is me-
thyl chloride.
[0029] The present inventors made a study on the re-
activity when the above-mentioned aluminum-magnesi-
um alloy was suspended in a reaction solvent in a reac-
tion vessel and, while the suspension was agitated, me-
thyl chloride as halogenated hydrocarbon was fed. How-
ever, the yield was unexpectedly low.
[0030] As a result of a further study, it was found out
that when the agitation was conducted in the presence
of an abrasive medium, the yield increased to 5 times
or more. The finding led to the completion of the present
invention.
[0031] As the reactor used in the reaction, a vertical
or horizontal pressure-resistant reactor is used. For ex-
ample, an autoclave equipped with an agitator is used.
The blade used therein can be any blade which is gen-
erally known, such as propeller, turbine, Pfaudler type,
Maxblend type, full zone type or the like. Agitation is con-
ducted in the presence of an abrasive medium, which is
a feature of the present invention.
[0032] The abrasive medium consists of nearly spher-
ical particles made of a glass, silica, a ceramic (e.g. alu-
mina), agate, a metal (e.g. iron or SUS) or the like.
These particles are moved and caused to collide with
each other by the agitation of the agitator blades, where-
by they can grind the solid contained in the reaction mix-
ture.
[0033] The size of the abrasive medium is generally
about 0.5 to 10 mm, preferably 2 to 5 mm, in diameter.
[0034] The amount of the abrasive medium fed differs
depending upon chemical factors such as concentra-
tions and viscosities of reagents contained in reaction

mixture, and the like and engineering factors such as
size of reaction vessel, size and shape of blade, and the
like; however, it is preferably 10 to 50% by weight of the
total weight of the reaction mixture.
[0035] The effects of the abrasive medium of the
present invention are described in detail. It is presumed
that by conducting agitation in the presence of an abra-
sive medium in the reaction between aluminum-magne-
sium alloy and methyl chloride, the magnesium chloride
(which is formed as a by-product in the reaction and ad-
heres strongly on the surface of the solid aluminum-
magnesium alloy) is rubbed off and the surface is always
kept fresh; as a result, the reaction between solid alu-
minum-magnesium alloy and methyl chloride dissolved
in solvent can proceed smoothly without being interrupt-
ed by the by-product; thereby, trimethyl aluminum can
be obtained stably at a high yield.
[0036] It is also presumed that the aluminum-magne-
sium alloy is ground into a finer state in the course of
the reaction by collision with the abrasive medium par-
ticles; the surface area of the alloy participating in the
reaction becomes larger; thereby, the reaction speed
becomes faster; and trimethyl aluminum can be ob-
tained at a higher yield.
[0037] In the reaction of the present invention, it is
possible to use a homogenizer rotating at a high speed
of 5,000 to 20,000 rpm, whereby superior effects can be
obtained as compared with the case of a reaction using
ordinary agitation.
[0038] The above homogenizer is one ordinarily
called "homogenizer" in the related field. It is an appa-
ratus for giving rise to agitation and emulsification by the
utilization of the impact and eddy current caused by the
blades rotating at a high speed. It can use blades rotat-
ing at a high speed only, or can combine the blades with
stationary blades. It is also possible to use the homog-
enizer described on page 440 of "Shinpan Kagaku Ko-
gyo Jiten" (published by Maruzen Co.).
[0039] In the present process, the speed of agitation
employed in the reaction between the aluminum-mag-
nesium alloy and the halogenated hydrocarbon is deter-
mined by the size of reaction vessel, the amount of abra-
sive medium, the amounts of reagents and solvent, etc.
However, the agitation speed can ordinarily be 50 to
5,000 rpm.
[0040] The amount of halogenated hydrocarbon used
can be 2 equivalents or more relative to the aluminum
in the aluminum-magnesium alloy. Use of the halogen-
ated hydrocarbon preferably in an amount of 3 equiva-
lents [theoretical amount as seen in the formula (1)] or
more preferably in an excessive amount relative to alu-
minum can give a good yield. Use in an amount of 3.5
equivalents or more, most preferably in an amount of 4
equivalents or more is recommendable to obtain a high
yield. There is no particular restriction as to the upper
limit of the amount of the halogenated hydrocarbon;
however, use of the halogenated hydrocarbon in an
amount of about 10 equivalents relative to aluminum is
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sufficient.
[0041] The reaction is conducted by adding the halo-
genated hydrocarbon to the aluminum-magnesium al-
loy. The addition may be continuous or intermittent.
[0042] It is also possible to mix beforehand the alumi-
num-magnesium alloy with part of the halogenated hy-
drocarbon in a reaction vessel and, after the reaction
has been started, add the remainder of the halogenated
hydrocarbon. It is also possible to add, as a reaction in-
itiator to shorten the induction period of the reaction and
start the reaction quickly, a small amount of an alkyl alu-
minum halide (e.g. alkyl aluminum sesquichloride, di-
alkyl aluminum chloride or alkyl aluminum dichloride),
iodine, aluminum bromide or the like.
[0043] In the reaction, a solvent may be used. As the
solvent, there can be mentioned, for example, aromatic
hydrocarbons such as benzene, toluene, xylene and the
like; and aliphatic hydrocarbons such as hexane, hep-
tane, octane, liquid paraffin and the like.
[0044] An ether compound can also be used. Howev-
er, the ether compound forms a coordination compound
with the alkyl aluminum formed and it is difficult to sep-
arate the ether compound from the alkyl aluminum.
[0045] The reaction is exothermic. When the halogen-
ated hydrocarbon is fed intermittently, agitation is con-
tinued from the completion of the feeding to the comple-
tion of the reaction. When the halogenated hydrocarbon
is fed continuously, the feeding rate is controlled to pre-
vent an excessive temperature increase of the reaction
system caused by heat generation.
[0046] The reaction temperature is about 20 to 170°C,
preferably about 30 to 150°C, particularly preferably
about 80 to 125°C. The reaction time is about 1 to 48
hours.
[0047] In a preferred embodiment of the present in-
vention, an aluminum-magnesium alloy containing 35 to
45% by weight of aluminum and 55 to 65% by weight of
magnesium is reacted with a halogenated hydrocarbon
with agitation to obtain a trihydrocarbyl aluminum,
wherein the agitation is conducted in the presence of an
abrasive medium (the use of this abrasive medium is a
feature of the present invention).
[0048] There are conventional processes for obtain-
ing a trialkyl aluminum from an aluminum-magnesium
alloy and a halogenated alkyl. However, the process of
the present invention for synthesizing a trihydrocarbyl
aluminum from an aluminum-magnesium alloy and a
halogenated hydrocarbon under particular conditions,
has not been known.
[0049] The present inventors found out that when an
aluminum-magnesium alloy containing 20 to 80% by
weight of aluminum and 80 to 20% by weight of magne-
sium is reacted with a halogenated hydrocarbon in a sol-
vent with agitation (the agitation is conducted preferably
in the presence of an abrasive medium), the reaction
speed increases and an intended trihydrocarbyl alumi-
num can be obtained in a short period of time and at a
high yield. The present invention has been completed

based on the finding.
[0050] After the completion of the reaction, a solid
composed mainly of magnesium chloride (a by-product)
and unreacted solid reagent are separated from the re-
action mixture containing the trihydrocarbyl aluminum
formed. The solid-removed reaction mixture is subject-
ed to distillation or simply to solvent removal, whereby
a product is recovered. However, this initial product right
after the above step contains a slight amount of a chlo-
ride; therefore, it is preferable that the initial product be
subjected to a dechlorination reaction at a temperature
of 80 to 170°C, preferably 80 to 125°C using a dechlo-
rinating agent such as aluminum-magnesium alloy, me-
tallic magnesium, metallic sodium or the like, to remove
the chlorine component from the initial product.

EMBODIMENTS

[0051] The present invention is described more spe-
cifically below by way of Examples. However, the scope
of the present invention is not restricted by them.

Example 1

[0052] Metallic aluminum and metallic magnesium
were melted and mixed. The molten mixture was rapidly
cooled and solidified to produce an aluminum-magne-
sium alloy having a composition consisting of 42.4% by
weight of aluminum and 57.6% by weight of magnesium.
Then, 200 SUS-made balls each having a diameter of
1.5 cm were charged into a SUS-made cylindrical con-
tainer having an internal volume of 2 liters. Thereto was
fed 150 g of the above-produced aluminum-magnesium
alloy after having been ground to a size of about 2 mm
x 2 mm. The SUS-made cylindrical container was rotat-
ed for about 48 hours to grind the aluminum-magnesium
alloy.
[0053] Thereafter, the ground aluminum-magnesium
alloy was separated from the SUS-made balls and sifted
through a screen to collect a portion of 75 to 250 µm in
diameter as an alloy fine powder.
[0054] A 2-liter autoclave was equipped with an agi-
tator and a methyl chloride feeder, and the inside of the
autoclave was purged with nitrogen. Into the autoclave
were fed 45 g of the alloy fine powder obtained by the
above grinding treatment using a ball mill (45 g consist-
ed of 0.677 mole of aluminum and 1.099 moles of mag-
nesium) and 170 ml of n-hexane together with 40 g of
glass beads of about 3.5 mm in diameter. There was
further added methyl aluminum sesquichloride as a re-
action initiator. Then, agitation was conducted at room
temperature for 3 hours.
[0055] Next, methyl chloride was fed into the auto-
clave while being metered by a transfer pump, to in-
crease the pressure inside the autoclave to 10 kg/cm2.
Then, while the temperature inside the autoclave was
kept at 120°C, 134 g (2.66 moles, 4.0 equivalents rela-
tive to aluminum) of methyl chloride was fed to conduct
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a reaction. The pressure increased from the initial level
of 10 kg/cm2 to 36 kg/cm2.
[0056] The time required for feeding of methyl chlo-
ride was 4.2 hours. After the completion of the feeding,
the resulting mixture was agitated for a further 4 hours.
The speed of agitation was 700 rpm during the reaction.
[0057] The suspension containing a solid composed
mainly of magnesium chloride (a by-product) was fil-
tered to remove the solid to obtain a colorless transpar-
ent crude trimethyl aluminum/hexane solution.
[0058] The solution was subjected to distillation to re-
move the hexane to obtain crude trimethyl aluminum as
a distillation residue. The crude trimethyl aluminum was
quantitatively analyzed for aluminum content and chlo-
rine content.
[0059] The aluminum content in the crude trimethyl
aluminum, other than that in methyl aluminum ses-
quichloride was 0.559 mole. This value was 82.6%
(crude yield) relative to the aluminum content in the alu-
minum-magnesium alloy used originally.
[0060] The chlorine content in the crude trimethyl alu-
minum, including that in methyl aluminum sesquichlo-
ride was 0.327 mole.
[0061] To remove the chlorine content from crude tri-
methyl chloride, 20.7 g of the above-mentioned alumi-
num-magnesium alloy fine powder (20.7 g consisting of
0.325 mole of aluminum and 0.491 mole of magnesium)
was added to the crude trimethyl aluminum; and the re-
sulting mixture was agitated in the presence of glass
beads of about 3.5 mm in diameter at 120°C for 24
hours.
[0062] The mixture after agitation was analyzed for
chlorine content. The chlorine content in the mixture was
substantially zero.
[0063] Then, the mixture was subjected to distillation
to obtain trimethyl aluminum. The yield of trimethyl alu-
minum was 65.9% relative to the aluminum in the alu-
minum-magnesium alloy used originally.

Example 2

[0064] The aluminum-magnesium alloy obtained in
the same manner as in Example 1 was ground by using
a Vibratom mill (a vibration mill produced by Kawasaki
Heavy Industries. Ltd.) in place of the ball mill used in
Example 1. A portion of 75 to 250 µm in diameter was
separated and obtained as an alloy fine powder.
[0065] The alloy fine powder was subjected to the
same reaction as in Example 1 to obtain crude trimethyl
aluminum at a yield of 84.5%. The crude trimethyl alu-
minum was subjected to distillation to obtain trimethyl
aluminum at a yield of 67.9%.

Example 3

[0066] A reaction was conducted in the same manner
as in Example 1 except that the amount of methyl chlo-
ride used was increased to 4.5 equivalents relative to

aluminum, whereby crude trimethyl aluminum was ob-
tained at a yield (crude yield) of 88.5% and, after distil-
lation, trimethyl aluminum was obtained at a yield of
70.3%.

Example 4

[0067] A reaction was conducted in the same manner
as in Example 2 except that the amount of methyl chlo-
ride used was increased to 4.5 equivalents relative to
aluminum, whereby crude trimethyl aluminum was ob-
tained at a yield (crude yield) of 90.1% and, after distil-
lation, trimethyl aluminum was obtained at a yield of
72.1%.

Example 5

[0068] A reaction was conducted in the same manner
as in Example 1 except that the amount of methyl chlo-
ride used was increased to 3.5 equivalents relative to
aluminum.
[0069] Crude trimethyl aluminum was obtained in the
same manner as in Example 1.
[0070] The aluminum content in crude trimethyl alu-
minum, other than that in methyl aluminum sesquichlo-
ride was 0.494 mole. This value was 73.0% (crude yield)
relative to the aluminum content in the aluminum-mag-
nesium alloy used originally.
[0071] The crude trimethyl aluminum was subjected
to a dechlorination reaction using aluminum-magnesi-
um alloy, in the same manner as in Example 1. To re-
move a very small amount of chlorine still remaining in
the reaction mixture, metallic sodium in excess of the
chlorine was added to the reaction mixture, and a reac-
tion was allowed to take place to remove the chlorine in
the liquid layer. The resulting reaction mixture was sub-
jected to distillation to remove n-hexane. The distillation
residue was subjected to distillation to obtain trimethyl
aluminum. The yield thereof was 56% relative to the alu-
minum in the aluminum-magnesium alloy used original-
ly.

Comparative Example 1

[0072] A molten aluminum-magnesium alloy was
sprayed in a nitrogen atmosphere by the use of a spray
dryer, to form fine particles, and the fine particles were
collected using a cooled filter to produce an aluminum-
magnesium alloy fine powder having the same compo-
sition as in Example 1, consisting of 42.4% by weight of
aluminum and 57.6% by weight of magnesium. The fine
powder was sieved through a screen to obtain a portion
of 75 to 250 µm in particle diameter. It was used in a
reaction.
[0073] The above-obtained alloy was subjected to a
reaction with methyl chloride in the same manner as in
Example 1, except that only ordinary agitation was con-
ducted in the reaction without adding any glass beads.
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Glass beads were used only in the removal of chlorine
present in formed trimethyl aluminum.
[0074] In the above reaction between aluminum-mag-
nesium alloy [45 g (0.677 mole as aluminum)] and me-
thyl chloride [134 g (2.66 moles, 4.0 equivalents relative
to aluminum)], the after-purification yield of trimethyl
aluminum was 15% (relative to aluminum).

Example 6

[0075] A reaction was conducted in the same manner
as in Example 1, using the same aluminum-magnesium
alloy as used in Example 1 but, in the reaction of the
alloy with methyl chloride, conducting only ordinary ag-
itation without adding any glass beads. Glass beads
were used only in the removal of chlorine present in
formed trimethyl aluminum.
[0076] In the above reaction between aluminum-mag-
nesium alloy [45 g (0.677 mole as aluminum)] and me-
thyl chloride [134 g (2.66 moles, 4.0 equivalents relative
to aluminum)], the after-purification yield of trimethyl
aluminum was 40% (relative to aluminum).

Example 7

[0077] Using an aluminum-magnesium alloy obtained
in the same manner as in Comparative Example 1 by
spraying a molten aluminum-magnesium alloy in a ni-
trogen atmosphere by the use of a spray dryer, a reac-
tion of the alloy with methyl chloride was conducted in
the same manner as in Example 1.
[0078] In the above reaction between aluminum-mag-
nesium alloy [45 g (0.677 mole as aluminum)] and me-
thyl chloride [134 g (2.66 moles, 4.0 equivalents relative
to aluminum)], the after-purification yield of trimethyl
aluminum was 25% (relative to aluminum).

EFFECTS OF THE INVENTION

[0079] The process of the present invention has made
it possible to synthesize a trihydrocarbyl aluminum at a
high yield from an aluminum-magnesium alloy and a
halogenated hydrocarbon.
[0080] As a result, it has become possible to produce,
in particular, trimethyl aluminum, at a far lower cost than
before and in a large amount.

Claims

1. A process for producing a trihydrocarbyl aluminum
by reacting an aluminum-magnesium alloy contain-
ing 20 to 80% by weight of aluminum and 80 to 20%
by weight of magnesium, with a halogenated hydro-
carbon, in which process:

the aluminum-magnesium alloy has been sub-
jected to a grinding treatment in the presence

of an abrasive medium by the use of a ball mill
or a vibration ball mill, and/or,
in the reaction, agitation is conducted in the
presence of an abrasive medium or there is
used a homogenizer rotating at a high speed of
5,000 to 20,000 rpm.

2. A process for producing a trihydrocarbyl aluminum
by reacting an aluminum-magnesium alloy with a
halogenated hydrocarbon according to Claim 1, in
which process,

in the reaction, agitation is conducted in the
presence of an abrasive medium.

3. A process for producing a trihydrocarbyl aluminum
by reacting an aluminum-magnesium alloy with a
halogenated hydrocarbon according to Claim 1, in
which process,

in the reaction, there is used a homogenizer
rotating at a high speed of 5,000 to 20,000 rpm.

4. A process for producing a trihydrocarbyl aluminum
by reacting an aluminum-magnesium alloy with a
halogenated hydrocarbon according to Claim 1, in
which process:

the aluminum-magnesium alloy has been sub-
jected to a grinding treatment in the presence
of an abrasive medium by the use of a ball mill
or vibration ball mill, and
in the reaction, agitation is conducted in the
presence of an abrasive medium.

5. A process for producing a trihydrocarbyl aluminum
according to any of Claims 1 to 4, wherein the alu-
minum-magnesium alloy contains 35 to 45% by
weight of aluminum and 55 to 65% by weight of
magnesium.

6. A process for producing a trihydrocarbyl aluminum
according to any of Claims 1 to 5, wherein the hal-
ogenated hydrocarbon is used in an amount of 2.0
to 10.0 moles per mole of the aluminum in the alu-
minum-magnesium alloy.

7. A process for producing a trihydrocarbyl aluminum
according to any of Claims 1 to 6, wherein the hal-
ogenated hydrocarbon is a methyl halide.

8. A process for producing a trihydrocarbyl aluminum
according to Claim 7, wherein the halogenated hy-
drocarbon is methyl chloride.

Patentansprüche

1. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums durch Umsetzung einer 20 bis 80 Gew.%
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Aluminium und 80 bis 20 Gew.% Magnesium ent-
haltenden Aluminium-Magnesium-Legierung mit
einem halogenierten Kohlenwasserstoff, worin

die Aluminium-Magnesium-Legierung einer
Mahlbehandlung in Gegenwart eines Schleifmedi-
ums unter Verwendung einer Kugelmühle oder ei-
ner Vibrations-Kugelmühle unterzogen sich, und/
oder

bei der Umsetzung das Rühren in Gegenwart
eines Schleifmediums durchgeführt wird oder ein
Homogenisator, der mit einer hohen Geschwindig-
keit von 5.000 bis 20.000 UpM rotiert, verwendet
wird.

2. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums durch Umsetzung einer Aluminium-Ma-
gnesium-Legierung mit einem halogenierten Koh-
lenwasserstoff gemäß Anspruch 1, worin

das Rühren bei der Umsetzung in Gegenwart
eines Schleifmediums durchgeführt wird.

3. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums durch Umsetzung einer Aluminium-Ma-
gnesium-Legierung mit einem halogenierten Koh-
lenwasserstoff gemäß Anspruch 1, in dem

bei der Umsetzung ein mit einer hohen Ge-
schwindigkeit von 5.000 bis 20.000 UpM rotieren-
der Homogenisator verwendet wird.

4. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums durch Umsetzung einer Aluminium-Ma-
gnesium-Legierung mit einem halogenierten Koh-
lenwasserstoff gemäß Anspruch 1, bei dem

die Aluminium-Magnesium-Legierung einer
Mahlbehandlung in Gegenwart eines Schleifmedi-
ums unter Verwendung einer Kugel- oder Vibrati-
ons-Kugelmühle unterzogen wurde, und

bei der Umsetzung das Rühren in Gegenwart
eines Schleifmediums durchgeführt wird.

5. Verfahren zur Herstellung eines Trialkylcarbylalu-
miniums gemäß einem der Ansprüche 1 bis 4, bei
dem die Aluminium-Magnesium-Legierung 35 bis
45 Gew.% Aluminium und 55 bis 65 Gew.% Magne-
sium enthält.

6. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums gemäß einem der Ansprüche 1 bis 5, bei
dem der halogenierte Kohlenwasserstoff in einer
Menge von 2,0 bis 10,0 Molen pro Mol Aluminium
in der Aluminium-Magnesium-Legierung verwendet
wird.

7. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums gemäß einem der Ansprüche 1 bis 6, bei
dem der halogenierte Kohlenwasserstoff ein Me-
thylhalogenid ist.

8. Verfahren zur Herstellung eines Trihydrocarbylalu-
miniums gemäß Anspruch 7, bei dem der haloge-
nierte Kohlenwasserstoff Methylchlorid ist.

Revendications

1. Procédé pour produire un trihydrocarbylaluminium
en faisant réagir un alliage aluminium-magnésium
contenant 20 à 80 % en poids d'aluminium et 80 à
20 % en poids de magnésium, avec un hydrocarbu-
re halogéné, procédé dans lequel :

l'alliage aluminium-magnésium a été soumis à
un traitement de broyage en présence d'un vé-
hicule abrasif en utilisant un broyeur à billes ou
un broyeur à billes oscillant, et/ou,
dans la réaction, l'agitation est conduite en pré-
sence d'un véhicule abrasif ou il est utilisé un
homogénéisateur tournant à une vitesse éle-
vée de 5000 à 20000 trs/min.

2. Procédé pour produire un trihydrocarbylaluminium
en faisant réagir un alliage aluminium-magnésium
avec un hydrocarbure halogéné selon la revendica-
tion 1, procédé dans lequel :

dans la réaction, l'agitation est conduite en pré-
sence d'un véhicule abrasif.

3. Procédé pour produire un trihydrocarbylaluminium
en faisant réagir un alliage aluminium-magnésium
avec un hydrocarbure halogéné selon la revendica-
tion 1, procédé dans lequel :

dans la réaction, il est utilisé un homogénéisa-
teur tournant à une vitesse élevée de 5000 à
20000 trs/min.

4. Procédé pour produire un trihydrocarbylaluminium
en faisant réagir un alliage aluminium-magnésium
avec un hydrocarbure halogéné selon la revendica-
tion 1, procédé dans lequel :

l'alliage aluminium-magnésium a été soumis à
un traitement de broyage en présence d'un vé-
hicule abrasif en utilisant un broyeur à billes ou
un broyeur à billes oscillant, et
dans la réaction, l'agitation est conduite en pré-
sence d'un véhicule abrasif.

5. Procédé pour produire un trihydrocarbylaluminium
selon l'une quelconque des revendications 1 à 4,
dans lequel l'alliage aluminium-magnésium con-
tient 35 à 45 % en poids d'aluminium et 55 à 65 %
en poids de magnésium.

6. Procédé pour produire un trihydrocarbylaluminium
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selon l'une quelconque des revendications 1 à 5,
dans lequel l'hydrocarbure halogéné est utilisé à
une teneur de 2,0 à 10,0 moles par mole d'alumi-
nium dans l'alliage aluminium-magnésium.

7. Procédé pour produire un trihydrocarbylaluminium
selon l'une quelconque des revendications 1 à 6,
dans lequel l'hydrocarbure halogéné est un halogé-
nure de méthyle.

8. Procédé pour produire un trihydrocarbylaluminium
selon la revendication 7, dans lequel l'hydrocarbure
halogéné est le chlorure de méthyle.
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